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The large bulk soft magnetic glassy Fe0.5Co0.50.75B0.20Si0.0596Nb4 alloy specimens with the
diameters up to 7.7 mm have been prepared by water quenching the melt immersed in the molten
flux of B2O3. The maximum diameter of the obtained specimens is approximately 1.5 times as large
as the previous result for copper mold casting. The bulk specimen with 7.7 mm in diameter exhibits
the saturation magnetization of 1.13 T, the coercivity lower than 20 A/m at room temperature, and
the Curie temperature of 732 K. This bulk specimen is the thickest of any soft magnetic glassy
alloys formed until now. © 2006 American Institute of Physics. DOI: 10.1063/1.2201900Since the first synthesis of a ferromagnetic amorphous
alloy was achieved in vacuum deposited Co–Au system in
1965,1 a large number of ferromagnetic amorphous alloys
have been developed. However, the glass-forming ability
GFA of the ferromagnetic amorphous alloys is low and
hence their formation has required extremely high cooling
rate, typically 105–106 K/s.
Since 1995, a new class of Fe, Co, Ni-based glassy
alloys with a wide supercooled liquid region Tx between
the glass transition temperature Tg and the crystallization
temperature Tx have been found,2–7 and bulk glassy alloy
specimens have been synthesized in a thickness range up to
5 mm by the copper mold casting.4,7 These glassy alloys ex-
hibit good soft magnetic properties, e.g., extremely low co-
ercivity Hc,
8,9
and give promise to expand the application
field of glassy alloys as soft magnetic materials. However,
GFA of the soft magnetic glassy alloys is inferior to that of
the nonferrous alloys such as Pd-, Zr-, lanthanide-, and Mg-
based alloys.2 Recently, Ponnambalam et al.10 and Lu et al.11
reported that the Fe-based bulk glassy cylindrical specimens
with diameters up to 12 mm can be produced by copper
mold casting. However, these alloys are paramagnetic at
room temperature.
It is well known that the main competition to prepare
glassy alloys is attributed to oxides and other inclusion in the
molten metal which act as heterogeneous nucleation sites for
crystallization. An approach to eliminate the inclusions is to
heat and cool the molten metal while it is immersed in mol-
ten oxide flux.12,13 Up to now, some investigations which
apply the flux melting technique to Fe-based amorphous or
glassy alloys were carried out,14–16 and the cylindrical glassy
Fe–Co, Cr, Mo, Ga, Sb–P–C–B alloy specimens with di-
ameters up to 4 mm were produced by B2O3 flux melting the
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melt in water.15
Recently, the application of the B2O3 flux melting and
water quenching technique was investigated to improve GFA
of an Fe0.5Co0.50.75B0.20Si0.0596Nb4 glassy alloy.17 In this
letter, the synthesis of the large bulk glassy alloy specimens
by the B2O3 flux melting and water quenching technique and
their magnetic properties are described.
The mother alloy with a nominal composition of
Fe0.5Co0.50.75B0.20Si0.0596Nb4 was prepared as follows.
First, the eutectic Nb-25 mass % Fe alloy was prepared by
arc melting the mixture of pure Nb 99.9% and Fe 99.99%
metals in an Ar atmosphere. Subsequently, the mixture of
pure Fe and Co 99.9% metals, pure B 99.5% and Si
99.999% crystals, and the Nb–Fe alloy was melted by an
arc furnace in an Ar atmosphere. B2O3 99.999%, which is
nominally anhydrous, was preheated at 1273 K for 130 ks
36 h in a quartz crucible under a vacuum less than 1 Pa
to remove as much residual water as possible. After preheat
it was stored in a vacuum desiccator.
Small pieces of the mother alloy and B2O3 were put
together in a dry, cleaned fused silica tube approximately
0.7 mm thick. The volume ratios of the flux to the alloy
were 50%–70%. The B2O3 and the specimen were melted
under an Ar flow by a torch, held at temperatures well in
excess of the liquidus temperature for 100–200 s, and then
cooled to a temperature where B2O3 was still molten. This
thermal cycle was repeated several times typically three to
five times, and finally the system was quenched in water.
For comparison, a melt-spun tape approximately 1.5 mm
width and 30 m thick was prepared by a single-roller melt-
spinning apparatus using a part of the same mother alloy.
The resultant bulk specimens were cut off by a diamond
wheel. The structure of the as-made specimens was exam-
ined by x-ray diffractometry XRD and optical microscopy
OM. The OM specimens were mechanically polished and
etched for 10 s at room temperature in a solution of 0.5%
© 2006 American Institute of Physics0-1
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for magnetic measurements were annealed with no applied
magnetic field in a vacuum at 783 K for 600 s. The magne-
tization curve was measured at room temperature with a disk
specimen 7.7 mm in diameter and 1.2 mm in thickness,
which was cut from the central part of the bulk specimen
with 7.7 mm in diameter, by a vibrating sample magnetome-
ter VSM in an applied magnetic field Ha up to
0.8 MA/m. The coercivity of the melt-spun tape was mea-
sured with a 60 mm long straight specimen by a dc B-H loop
tracer under maximum Ha of 10 kA/m. The temperature T
dependence of the magnetization J was measured by VSM
with Ha of 0.40 MA/m.
Figure 1 shows the outer morphology and the surface
appearance of the bulk specimens prepared by the B2O3 flux
melting and water quenching technique. The dimensions of
the specimens are a 3.5 mm, b 5.7 mm, and c 7.7 mm in
diameters, respectively. They have the very smooth surface
and good metallic luster, and no distinct roughness due to the
precipitation of crystalline phases is seen over the entire
outer surface. No appreciable contrast revealing the precipi-
FIG. 2. XRD profiles taken from the transverse cross section of the as-made
FIG. 1. Outer morphology and surface appearance of the bulk specimens
with a 3.5, b 5.7, and c 7.7 mm in diameters, respectively, prepared by
the B2O3 flux melting and water quenching technique.bulk specimens with diameters d of 3.5, 5.7, 7.7, and 8.4 mm.
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in the OM observation of the transverse cross section of the
specimens.17 It was also confirmed that bulk specimens ex-
hibit large Tx of 41–43 K.17 The XRD profiles taken from
the transverse cross section of the as-made specimens are
shown in Fig. 2. The profiles for the 3.5–7.7 mm diameter
specimens consist only of a halo and no appreciable Bragg
line is observed. Therefore, they consist of a single glassy
phase. On the other hand, the specimen with 8.4 mm in di-
ameter, the clear recalescence was observed during water
quenching, is composed of some crystalline phases, such as
- and -Fe,Co,Si, Fe,Co23B,Nb6 Cr23C6 type, and
Fe,Co2B.
Figures 3 and 4 show the temperature dependence of
J and J1/ where =0.36 is the critical exponent for spon-
taneous magnetization18, respectively, of the as-made bulk
specimen with 7.7 mm in diameter. The Curie temperature
TC, which is determined by the J1/ vs T plot, is 732 K. In
order to emphasize the change of J, the temperature deriva-
tive of the magnetization J /T of the as-made bulk
specimen with 7.7 mm in diameter is shown in Fig. 5. The
remarkable change of J and J /T was not observed except
for around the TC of the glassy phase. Therefore, it can be
said that the ferromagnetic crystalline phases, such as - and
FIG. 3. Temperature T dependence of magnetization J of the as-made
bulk specimen with diameter of 7.7 mm.
FIG. 4. J1/ vs temperature T plot where  is the critical exponent for
spontaneous magnetization of the as-made bulk specimen with diameter d
of 7.7 mm. For graphic reasons, only 1 experimental point every 20 is
actually shown.
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exist.
Figure 6 shows the magnetization curve at room tem-
perature of the annealed bulk specimen with 7.7 mm in di-
ameter. Table I summarize the saturation magnetization Js,
Hc, and TC for the bulk specimen with 7.7 mm in diameter
and the melt-spun tape. The Curie temperature of the bulk
specimen is slightly higher than that of the melt spun and
tape. This is due to the slight difference in the composition
and/or the local atomic structure. The coercivity of the bulk
specimen measured by VSM is approximately 20 A/m.
However, Hc of the melt-spun tape by VSM is 16 A/m
whereas that by the dc B-H loop tracer is only 3 A/m. Be-
cause of the large demagnetizing field, Hc of the bulk speci-
men could not be measured by the dc B-H loop tracer. It is
FIG. 5. Temperature derivative of magnetization J /T of the as-made
bulk specimen with 7.7 mm in diameter.
FIG. 6. Magnetization J curve at room temperature of the as-made bulk
specimen with 7.7 mm in diameter. The inset shows the enlarged view near
the origin.
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is lower than 20 A/m.
In conclusion, the large bulk soft magnetic glassy
Fe0.5Co0.50.75B0.20Si0.0596Nb4 alloy specimens with the di-
ameters up to 7.7 mm, which is approximately 1.5 times as
large as that of the maximum diameter of the copper mold
cast one =5 mm,7 were synthesized by water quenching the
melt immersed in the molten flux of B2O3. To our knowl-
edge, this specimen is the thickest of any soft magnetic
glassy alloys formed until now. The bulk specimen with
7.7 mm in diameter exhibits Js of 1.13 T, Hc lower than
20 A/m at room temperature, and TC of 732 K.
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